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ABSTRACT

T stucy a model where Informaticn Technology, while typically increasing

1l inequality, is likely to harm some people at intermediate and high lev-
ae distribution of income but to benefit peopie at the bottom. Within
ven occupation it may harm some workers while benefitting others; and
either reduce or increase the proportion of knowledge workers in em-
In my model, knowledge (in a broad sense} is an input into the
production function of human capital, and is also a "quality” good in the
sense that one cannot buy it from several low-quality producers insteac. of
one hign-quality one. People ciffer in their exogenous ability and ability Is
complementary with the quality of the knowledge input in the production
of human capital. An improvement in I'T is modelled as an increase in the
aumber of people who can buy kncwledge from one producer. [ show that
the economy organizes itself in a succession of clusters of ability levels, cailed
"imowledge ladders”, where a meriber of a given ladder buys knowiecge
a worker in the subsequent lacdcer and sells it to a worker of the preceding
tadder. The return to human capital increases as one moves up the knowi-
edge ladder. The economic mechanisim considered here rests on the view that
IT makes the acquisition of knowiedge cheaper, whica intensiies competi-
“ion among workers specialized in inowledge production. Those wio lose in
such competition end up displaced to occupations with a lower lmowlea
intensity; their wages fall, whicn recuces inequality between them and fae
ieast skilled. Those who win can spread their ability over a larger market
and because of that enjoy a larger increase in wages than the least skiliea
which tends to increase inequality. The least skillec do not participate i
this competition, as they are not specialized in knowledge production; tney
gain in absolute terms because of their chear to tnowiedge.
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1 Introduction

Skiled-piased technical change, especially the diffusion of computers anc in-
formation technology, is widely believed to be responsinle for the observed
rise in inequality and the fall in living standards at the bottom of the earn-
ings distribution.! The idea is thai unskilled production workers can be
advantageously substituted by sxilled workers using computers. Yet direct
avidence about this mechanism is qui’te mixed?. On the one hand, there exist
industry-level studies that suggest = positive correlation between the use of
computers and the demand for siillza workers at the industry level® On the

etimes contradicts this view*,

otner hand, plant level evidence s or sUg-

gests that this does not seem Lo e case for many other ITs°; ard resuits
that showed a positive, causal Impact of computer use on wages have been
challenged®. It is also sometimes argued that substitution of non production

¢ IT revoiution.

to production workers has typically lec, not followed,

This paper studies a model where the effect of IT is far

iz overall inequality,

than usually assumed; that I'T', whils typically increasi:

,L

s likely to harm some peopie at infermediate and hign lsvels of the cistri-
bution of income but to benelit neonle at the bottom; that within a given
occupation it may harm some workers whiie penefitting others; and tnat it

may either reduce or increase the proportion of knowledge workers i em-

ployment, depending on the response of the overali demand for knowiedge Lo

]

1For statements of this view, see Krueger (1993}, Sound end Jehnson (1992), OECI
(1994), Krugman (1994}, Gottschalk and Smeeding (1997}
2A critical surve y can be found in Howell et al. (1£

), who typicaily point
b ocnproduction

share of

out that IT is ass ocmted with hpShLme and an inc
employment.

LCappaili (1993).

5See Doms eb al. {(1997).

6See tne critique of Krueger (1
(1999). Doms et ai. {1997) do not 4

THowell (1997) argues that the rise ]
highlighted by Berman, Bound, and Griiiches {1894) stops in 1vcu, while LTOMML (.LE’E‘G)

finds that the share of non production workers ends up declining aiter 1988.
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the implied reduction in the cost of acquiring it.

The central economic mechanizza considered here iz quite different from
the idea that computers are substitute Jor unskiiled worsers; it rests on the
view that IT makes the acquisition of knowledge cheaper, which intensi-
fies competition among workers specialized in knowledge procuction. Those
who lose in such competition end up displaced to occupations with a lower
lmowledge intensity; their wages fall, which reduces 'nequality between them
and the least skilled. Those who win can spread tieir ability over a iarger

market (as in Rosen (1981,1982)) and because of that enjoy a larger increase

in wages than the least skilled, wiich tends to increase inequality. The least
skiiled do not participate in this competition, as they are not speciaiized in
Imowiedge production; they gain in absolute terms because of taeir cneaper

access to knowledge.

In my model, knowledge (in a broad sense) is an input into the auction

function of human capital, and is also a "quality” goocd in the sense that
one cannot buy it from several low-quality producers instead of one high-
quality one. This latter property plays a key role in the results, oy aliowing
IT to differentially affect the wages of people wno proauce the same good
(knowiedge) but have different skills. People differ in their exogenous ability
and ability is complementary with the quality of the knowledge input in tas
production of human capital.

T show that the economy organizes itself in a succession of clusters of
ability levels, called "knowledge ladders”, where a member of a given ladaer
Huys lmowledge from a worker in the subsequent ladder and sells it to a
worker of the preceding ladder. The return to humanr capital increases as

one moves up the knowledge iadder.

Next I consider the impact of an Improvermnsit ormation techniology,

5

which is modelled as a reauction in the numper of people from whom one nas

rap in tne rate of

(IO

to buy knowiedge. T show that suc:

reburn to human capital between two consecutive ladders, and ab tne same

time leads to & displacement of the least anie workers within each ladder to




the inferior one. Another central resuii is that while an improvement in IT

may increase wages for all worker t . in tne long run, its impact effect

is to reauce wages for some workers wio are displaced to lower imowledge
levels. Those at the lowest level, i.e. direct production workers, gain n
terms of absolute wages as they have access to a cheaper knowlsdge input.
They experience a relative loss with respect to knowledge workers wno are
not displaced to a lower level, but a gain with respect to those who are
displaced.

LL(J__

\_./

These wage effects are consistent with Mishel and Bernstein’s (1994

\

ing that IT actually equalize wages at the bottom of the distribution of in-

come, while increasing inequality at tae top. There also exists so

,\,\,\\

evidence that I'T displaces workers at fairly high income levels. Coolzz (2000,

who specificaily iooks at prospects for workers in the [T industry,

that ”[while] companies are offering anove average compeusation na

to attract skilled I'T workers, other IT workers risk being replaced oy

techuologies or simply a more efficient abor market”. Further be.ow, she
states that Vin the past, for exampie, I'T occupations relatea to mainframe-

oriented processing such as keypunci operators, were elminated or redefined
as the technology evolved towarcs 1161’;*-;\701'1{—based, client-server computing.

&

In recent years, computer operators that monitor and maintain large com-

suter systems have begun to be replaced by self-monitoring, jow mainte:

systems.” Similarly, Veneri (1998), reports a stagnation in the demand for

Josicn of computer use. This is pre-

computber programmers despite tze e

sumably due to increased standarcization and portaniify of programmes, so

de

Interestingly, she also

that only the best programmers have iept t:
reports that the wages of programmers grow ab about the same (high) rate
as other [T professions. It is also imown that in the nineties, white-co.ar
workers were more exposed to dispiacement than in esrlier decades. Indeed,
according to the American Management Association (2000}, on net about
5.8 % of supervisory jobs anc 12.3 % of managerial jobs were destroyed each

year between 1995 and 1999. Clearly, these were not low-paid joos, and it

4




must e that the span of control of remaining managers and supervisors 1as

increased. Furthermore, an increasec vace of restructuring is now the ieading

fal

reported cause of downsizing, while zutomation and other new technoiogy is
& growing cause of displacernent.?

The paper is related to several strands of theoretical literature. One
strand has insisted on "span of control” effects, the increasing returns they
generate, and their implications for the distribution of income and ine allo-
cation of talent. This includes Calvo and Wellisz {1979}, Rosex (1987,1932),
Murphy, Shleifer and Vishuy (1993), Garicano {2000). This type of effect
is also iey to the present paper, whica differs from this literaturs in many
respects, in particular in that it focuses on information technoiogy and the

Another

organization of the labor market i successive knowledge ladd

mologles that are more intensive in hu-
‘8}, Caselli (1998), Gaior

Seaudry and Green (

strand 1s interested in the roie of te:

man capital (Acemoglu {1999), Ze!

(1998), Rubinstein and Tsiddon (1

00)). The

that rather thau assuming a change

present naper differs from that stranc
in xey elasticities of the production Zumchicn, it explicitly recognizes, using
& single production function, that improvements in IT allows knowiedge to

L over more pecp.s. Hence the technical change that we consider is

led biased by construction; rather, its effect on inequality is a gen-
eral equiiibrium consequence of the easier replicability of symbols and of the
importance of knowledge quality.

Closer in spirit is the paper by 3

at-Paul (2001). In both cases, know:-

ents
Ciilbis.

edge is an indivisible good which is more valued =y more productive

over exerted by creabive

(€3]
o

In Saint-Paul {2001), however, knowiedz

NG
S

people within networks. While creativity is rewarced by the wage struc-

'

ture, one canuct buy more knowlecze oy asiin

g creative people to produce

S

more of i, nor can one economize on now.adge costs by discarding t

wroauced by less creative people. Thais puts severe Lmits on the ‘suse
o) I :

“See American Management Association (2000). 1t is important to note
of the cases the workioad GOlrﬂspm cuns to those jobs taat were destroye:




effects of such spillovers, as improvemerts in I'T increases competition among
superstars which eventually ieacds to 2 reduction in inequality. Here, an im-
provement in 1T induces people o buy knowledge from fewer, but better

77

peopie, wnich redistributes from ”stars” to "superstars”. As IT becomes in-

finitely effcient, ali people end up buying knowledge from infinite-ability pro-

<_J

ducers, whose wage becomes infinite reiative to what they would get should
they specialize in physical output. Nevertieless, as in Saint-Paul (2001}, IT
improvements benefit people at the bottom of the distribution of income,
and they eventually reduce inequality as superstars become a negligible frac-
tion of the total workforce and remaining workers all belong to the same
knowledge ladder—direct production work.

The next section sets up the basic model. Section 3 studies steaay state
equilibria, while section 4 analyzes transitional dynamics toward the steacy

cdemand for

state. Section 5 deals with two ex ioms. Plirst, it alows th
Imowlecge to be elastic to its cost 27 asswming that some workers can “opt

out’ of the knowledge economy by 1ot zcouiring human capital. Second, it

siiows how the model can be extenden t- take balanced growth into account.

<N

Section 6 concluce

-

2  Model set-up

‘We consider exn overlapping generation. cpen economy whica can borrow and

lend at a fxed real interest rate r. For motationa we shall assume

r = J. Feop.e iive for two periods. Tre size of sach cohort is fixed and
normalized to one.

In tne first period of their life, the young train tnemselves by buyirg

Inowledge. 'This determines thelr human capital. In the second period of

their life they work and consume. They can either wors in the product

sector or sell knowledge to the next eration of young.

TE
C

The young generation’s agents differ in innate ability g. 1t is distrioutec



over |0, +oo) with a Polsson distribution. Its density i1s given b
) & Y

flg) =~e". (1)

J

In order to acquire human capital, a young worker must buy knowledge
from 2 fraction € of an old worker, where € < 1. If & is the human a capital

of that knowledge supplier, the young worker’s human capital is given by tne

following human capital prodwction functi

swhere 5, A, and « are positive constants. Furthermore, o < 1, so that the

auman capital production funcéion exiiibits decreasing marginal returns to
the knowledge supplier’s nuwman capital.

This specification implies that wrnowiedge iz not 2 homogeneous input: it
has to be bought from exactly & peopie. One cannot substitute two mediocre
teachers for & good one. Furthermors, imowledge is asswied to be comp.e-
mentary with ability: peopie with greater ability get a higher marginal return
from increasing the skills of the peopis from whom they learn.

g captures the efficiency of information technology. The smailer e, tne
lower the working time of an old knowliedge supplier that is needed in order
to train one young worker—i.e. the greater the number of peopie who can
use one person’s knowledge.

We chall assume that v > A, which makes sure that the moments of
productivity are well defined.

In the production sector, which is perfectiy competitive, the production

functicon is linear and given by
}/ — AA.I*[ ;

where H is the aggregate amount of numan capital empioyed in that sector.

Consequently, an old agent of numan capitai & wio works in the production
{ O

sector produces an output equal to Ab. Contrary to what occurs in 12

edge sector, human capital enters in a homogeneous way in the production of

7
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ate amount of human capital

roricers or many low-skill workers.
nan capital accumulation over
the life cycle by successive cohorts. At z more metaphorical level, however,
it may also apply to higher frequency phenomena and be used to understand
the economy-wide organization of production. b would then mors proadiy

interpreted as a set of intangible, intermeciate inputs (organizational skills,

ideas, supervision, information, etc.) tnat allow to boost productivity in the
final goods sector.’

The questions we are interested in. tae following: how does the equilin-

rium distribution of human capital 100k ke’ How are knwoledge producers

assigned to lmowledge consumers? Who specializes in knowledge produc-

tlon? What is the distribution of income? How does a change in & affect

these parameters.

'These characteristics are represertec by an equilibrium wage schedule

w(b), an equilibrium distribution o 15 represented by a function b(g) which

tells us what is the human capital of 0t witn ability ¢, and an equilib-

rium pair of knowledge assignment functions *(g) (resp. g*(g)), waich tell

N

us about the human capital (resp. v) of the agent from wnom a young

agent with skill g buys knowledge. We now analyze the equilibrium values

of these functions.

3 Steady state

‘urnciions are invariant over

We first characterize a steady state wnere t

time. In this case, we must have:

£
e
W

b(g*(-))

[ 3]
~
N

Thae young’s maximization problem is:

Q . L. - . 5 . - N

“One may argue that in suca & case an infinite horizon framework wou
appropria However, Bewley (1980} and Townsend {1980) have developed
imperfect access to credit markets whose structure is quite similar to OLG modeis.
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Our central result is that depending on parameter vaiues, the sconomy

can be in one of two regimes. In regime I all workers are ndifferent between

knowledge production and output nroduction. o regime LI workers are exn-

o

level, and a

tirely specialized in knowledge procuiction above some

knowledge ”chain” arises in a way meace clear below.

Let us first describe the equilibrivm in regime L

PROPOSITION 1 - Assume

71=e) 4 A1) )
g x Tt (5)
anc
Vo> 5
S
then ihere exists o steady state such inat
(i) The wage schedule is given 0y (o) = A

(i) Ali old workers are indifferent ceinveen snowiedge proauction and oul-
Ut p?"océ"uczfjion,

i51) The knowledge assigment funciion g™ ¢) s given by
/ J RN o

(iv) The knowledge assignment funciion (¢} is

9




(v) The human capital of an agent with

ey
=
<
=
=2
pecy
el

o3

¥
o

; 1 SO TIE A
bg) = Be (2 o O
N A
Consequently, b is distributed over [by, +co) wiil density fo(b) given by

with by = 6(0) = BT-= (%) e
PROOE — See Appenchx.

rent netween knowledge and goods

In this regime, people are always ize
sroduction. The marginal return to =amen capital is constant througnout the
distribution of skills and equal to 4, itz marginal productivity in the outp

sector. An improvement in information technology shifts the distribution of
human capital, and therefore income, homothetically. ALl worier types earn

more and relative inequality is unchanged. This is because whiiie people buy

1 Tad £ 1 y ” LN
Imowledge from more able wor tnere is a "reserve army’ oI lno nMDLLD"
=) J

liers ab marginal cost 2A at an g positive fraction of

any Lype works it the product
The next proposition descripes tne more interesting regine whers some
ability svels are entirely speciaiizec 2 n dge production.

PROFPOSITION 2 - Assume

i

Ther there exisls a steaasy

(1) The knowiedge assignment junciion g




levels (Go, Gy weey Giy oen) SUCH

(ii) There exisis a sequence of cr
that

a. g; = —1i/yIne, impiying go = C.

i

3

b. /yuupic such that 0 < g < g1 are entirely speciaiized in the prodauciior
of nhysical oulpud

c. peopie such that g; < g < g;11 are enlirely sgoecmiizecf i knowledge pro-
duction. They sell knowledge to workers in [gi—1, g vy ¢ from workers
AUCLL07L. L NLEY 4 i OYRET Gi—1, 0z &7 el ’JL;) Wb JTOTIY WOTKETS
W [giv1, Gira

(i) The knowledge assignment funciion 0" (g) is given 0y

N

. _ A
vw( __ 77:)9,,‘_(,\‘ e 35 g(A—e)”
0 \L = Pc7; 2

(iv) The kuman capital of an agent wite ability g

7 [ N A i S e
blg) = (Be)ms & e (10}

(v) Cwver the interval [b(g;), o

where w; = AR, oy can be recursively co

(11)

and where

T o~ EA(1—) 1 - N
o= oEeiG-e > 1 (L’*‘/

PROOF - 3ee Appendix.

This proposition tells us that the economy organizes its

know-

edge chain”, i.e. a sequence of adjacent Intervais of skill levels such tiab

any interval each worker buys knowiedge from a previous generation’s worler




of the next interval and sels i% 4o 2 of tne next generation in the

preceding interval, while w vest interval of skilis [0, ¢1] are
entirely specialized in output produciion.
The wage schedule is piece-wise linear and convex, as illustrated on figure

1; the marginal return to human capital is increasing as cne moves up the

distribution of slkills, i.e. as one’s position in the knowl maln 5 more

remote from direct productive activity, As one moves 4D 016 .aCasr in the

knowledge ¢ the marginal return to numan capital increases by a factor k,
where % is given by (12). In the (¢,w) plane, the wage schiedis is piece-wise
exponential, i.e., log wages are again piece-wise dnear (fgure 1)

As is also illustrated on figure 1, the human capitar acquisition function

5(g) and the knowledge assignment function 0*(g) are sxponential. People

buy knowledge from more skiled worlers (by a fixed adcitive constart), and
therefore their human capital is bewow thab of their know.edge suppiier (oy

2 fived multiplicative constant).

=2” betweern two diff

One can define the "knowiedge

as tae nwmber of intervals betwesn * This is also cleary equzal

number of generations (or, under our eneral interpretation, periocs) it

=X
[Shg

~om the interval of the highest level

<

tales for nowledge to be transmi
at of the lowest level.
We 2

improvements in information technolozy, Troe

~

model to characterize the inpact of

now in a position to uss

Zollowing proposition charace

terizes tihe long-run impact of an improvement in IT, is. a fail in 2, on tne

digtribution of income and human capita..

(8) hoics. Consicer o reduction in @

PN ~ reond el o ha i R~ gy
(i ) 7 o] Ruman capiiol shifis up homot
(m) Tnegquaiity as measured between the relative difference in the marginal
S I N EN ot o -
return to skill between o consecuiive ladders increases.

(ii1) g increases homothetically, implying that each ladder covers ¢ larger

segment of the disiribution of skilis, that the knowledge distance between cny



two tyves falls, and that the number oF ¢ s specialized in oulvut proguc-

Lion INCrenses.

!
e )
uut’iru L/l/./J

(iv) There exists some critica lzvel of 2, &7, that if € > &

" all worker lypes increase.

(v) There exists e~ such that if

— (»[-:\

3 \»."7/1

[
IA
Q|

then ai the bottom of each ladder © > 1 ihere esist worker types who

e displaced from segmeni i to segment ¢ — 1 (lower knowledge distance
from direct production activiiy), cnd whose wages foll. However, they wouid

ventually benefit from further improvements in information technology.

PROOF - See Appendix.
Proposition 3 tells us that if IT are initially not too developed, then
in the long run all worker types gain from an improvement = Information

witn which trney accumulate muman

technoiogy (Figure 2). The greater e

s at & given le ,/e; o numan

capital compensates for possible wa

3
G

This process has limits, howsver, = & small enougr workers wio are

displaced to lower levels in the krowy cnain suffer —ong-run wage .osses

il

(Figure 3). Whether one gains or .oses depends on whether one is cisplaced

a. depends on one’s reiative position in one’s segment. As 2 goes to

i LLOL, e <

(@)

zero from &7, all worker types wio = “nally speciaizea in know.edge

production experience a margina: ag they cross tne boundary 4o

move to & lower ladder. However, - are stabilized in the directly

g witnout bound, as I'T gives

(S

productive activity, their income =

T
(a8

them access to ever-better

hab inequaiity between segmemf;g

The first parts of proposition 32

increases. Hos r, as the knowiedze d'starce betwesn fwo given types alls,
inequa.i tween indivi . We can use some appromn-

A

imatior to say more about the net effect on inequality. Congider inequa.ity

between two people in the first segment speciaiized in pure Droducf‘iv Ac-

1

cording to Proposition 3, their income is simply proportional toe™9i=<.



relative wage, expressed in logs, is therefore equal to Mg/ (1—a), whicn does

not depend on & Thus I'T does not affect inequality between two workers in

the bottom segment. Next, consider two wnowledge producers belonging to

different ladders. The difference equation (11} can be solved to get

1 _ Ao . X
ABT=g -7 7 1o A AT
o — [~ Slowetey s SN S 14N
w; = - s : el | (14}
o — € A e/ /)

\

!

Assume that our two producers ars iocated ab critical points with values

of ¢ large enough for the first tevic i brackets to be dominated in (14).

Then, given that their rank ¢ c ained [rom the I g using

the formula i = —vyg/Ing, the reative log wage of these two workers is
v(1—Ine/Ine)Ag. This quc@m is cizariy increasing winen é falls. Therefore,

T

IT ciearly increases inequality 2t tne ton of the distribution of income. In

contragt, if one considers say “wor inaliy located in the two botiom

segments, it ends up reaucing ire anong these people, as segment O

graduaily absorbs segment 1. it this is what Mishel and Bernstein

(1994) tend to find when looisiz; tions between weage ch .

Investment in technology

4 Dynamics

Interestingly, we can also characterize cynamics of adjustment towarc
the steady state, provided we assume thav the initial distribution of hurman
capital among the old is homothetic to that of the long-run steady state.

That is, we assume that originally the human capital o an old worker with

ability ¢ is

Iy P S .
g (l-e) < o, {j_g)

14




i e Y{ia)

-~ /
o S oiobe Ty {
g S [ : L

Ther ihere exists an equsiidrium 1

nowledge assignment funciion gi(g), which gives the skill ievel

o7
o]

’

agent supplying knowlens

o (young) agent ot date £ > 0 is

consiant and egual to

w0\ L - -
' a. (Lg/ =z - — -
b & - 3

Sami qin Toniplie { ~ ! P
tcal ability levels (go, §1y «ooy Giy -onn ) SUCH

]

| that ¢ any date $
| a. g = —é/ﬂ/ln g, 1mplying go = C.
b, people such that 0 < g < g1 ore entirely specialized in The o
of v dqw oui’pu&
c. peo
(éuciion.

i [gir1, Giva

.

(ii1) The human copiic

cent with ability g at aaie ¢ s

18)

5 \*

‘
i
! where 5, evolves according 1o

- AN

| 9

L .
.

(iv) The knowiedge assignmen




(v) Over the interval [6(g;), b(gi11)] wages ai date ¢ are zven by

wi(b) = s + Ly (b= &
where
i—1
L — SAy— 1) T ra—1 .
Q= A QB g 30)
=0
and wy con be recursively
” = wy + L (00(gea) — bilgs);
Wit1e = Wa o+ D (0ge) — bilgs);

wWot — flb(‘:‘\/ .

PROOF — See Appendix.

One can check that this equilibrium converges indeed to the steady state

cerived in the previous subsection. This convergence is cual and the

Eiuawiedge ladders are the same at sach cate, while the distrizution of human

capital converges homotneticaliy to ong-run level. B

gives us the marginal return to siziils i _acderd, is interesting. [t telis ¢

it is forward looking down into tne up to a number of periocs pracisey

equal to the knowledge distance between that ladder and output procucers.

The mergina: returns to skills of knowledge producers in generation (la

Q} iz ecual to A, it then determines their dema or imowiedge, and thus

w2l return of those who supply them

e e ol (1ol Aae T i
owiedge (ladder 1 in

return to humen

— 1), which in turn determines the marz

2 in generation t—2, and so one, The price

s lorwerd .ooking, more so when one is mors remote from its witimate use
in the lnowiedge chain.

This proposition is particularly useful to analyze the dynamic responss of

the distributior. of income to an improvement in nformation tecnnoclogy, i.2.

a fall in &, necause for any given initial value of & thne .ong-run distribution

of human capitel as determined by (10) has the assumed functional form for
16
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Proposition 4 to hold. Furthermore, the

bial value of J, Lg, is given by
Act
(1-a) s a2 : o Daa (1T s
B¢z 507 which satisfies (17) 23 101z a5 the initial value of 2 satisfies

(9). Oxe can then apply propositiorn 4« 0 = Zall in &, getting the tollowir

results:

PROPOSITION & —

@

3

he incorme of the indtially ola wor

=

o - A A Tns - g PSRN
segment 0 is unomoiguously lower. Jonseq

Fareio-improving.

(11) Along the adjustment path, the distribution of human capiial incrense

P

izo7noi;7zeiically. That is, Z; s rising ciong the adjustmeni path, converging

from delow to iis new | ong-7uil value.

(ii1) inequaiity between iwo comsecuiive iadcers, as measured by ihe vei-
ative difference in the marginal reiurn to puman capiial, falls with time,

comwerging from above to k as definec 5y (12)

(/@'U) Thai same measure ZSJCMWTC LILET 0N TTOVES LT UL ne ks &”w@r_qu CRaLT.

PROOF- See Appendix

The first part of Proposition F 52 = us that the impact eifect o

s some of the cld in tas

ements in information technoiogy

&l
'ﬁ
- |
\.

generation, namely those who are dispacea from ladder 1 to outpu’ srocuc-

A 7

tion. If could also potentially hurt some of iae o.¢ displac

10 a lower laader but who remain spi . = zmowledge. FProposition 3

even displacec. worker

nac shown that in the long run, if & 5 -

ec by a higher weve. of

tyoes galn, because thelr displacement is compens

eration of ola work-

18 00

sumean capita.. However, thi

whose human capital | s acquision ascision,

whichh ool piace prior to b technology.

Part (31 and (iv) characterize te aynamics of income distribution along
N ) J S

the adjustment path. Part (ii) lmpiles that inequality over

¢ improvement i IT boosts the dew

LllOVVleL e sup V:)]J«QCL 93% J..Ll TD L—/- Ca) jaL e Peo )J.L, W. LllJb LLLC Su DUi" TesSponse | /¢ .
Sty + LY \



the shilt in the distribution of &) iz only gracual. Part (iil) implies that

[©)

moves up the knowledge chain. This

such ovarshooting is weaker when one

is becauge more skilled workers reater knowledge distance from
output producers, so that their wage vetlects the expected willingess to pay
for muman capital of generations more remote in the future (as implied by

/f‘n\\

20;) . Thais willingness to pay is smaller because human capital is move

abundant for future generations (as implied by {i1)).

5 Extensions

In this section we briefly indicate now the model can be extended to make it

more realistic.

5.1 Elastic demand for knowledge

s

A first aspect is that the demand for imowledge producer by construction

totally ineiastic and always equal to 2. As a result a fail in & always reduces

the number of knowledge producers. In practice this may not happen because

as krowledge is cheaper some people wro previously did not buy it mey stass

/

coing so. Dmpirically, several stucies <ocument the rise ia the proportion of
nonproduction workers.'!?

‘LTherefore, the model’s realism is improved if one introcuces some easiz-

“in the cemand for knowledge. To do so, we extenc the

12t woriers nave the option of not buying it at 2.5, in waica ¢

ing human ¢ “L] tai is CeM, where C is a constant. For O high enough some

workers prefer uot to buy human capital. One nen show (see Appendix)

ooth regimes I and II, these will be tne least able in society, i.e.

cop/dg > 0, implying

suca thab ¢ < g, where gy > 0. Furth
that the tota. number of knowledge consumers increases when IT improves.
The net effect on the number of knowledge producers may be either positive

or negative. In regime I, this depends on the sign of dg: /@2, 1.8, on whether

introcuction.

WSee Berman et al. {1994) and other references mentioned in -

18




the increase in the length of each lonowe gment is larger or smeal

)]
@)
UU
(IJ
)
g

the fall in gg. We can prove tnat g is strictly positive, agq /o2 > 0.

This implies that the total number of knowledge producers actualy incres

and that rather than having people displaced from the bottom of

5 tae top of the output producing segment, the reverse occurs. However,

e enough knowledge distances ¢ from ladder 0, displacement to the

scecing segment does occur, since the effect of the increaze in the length
o7 each segment, L 1n <, is multiplied by 4. As 2 becomes small enough, g

¢l each segiuent, ilg, 18 Y L. AS € ies slTlE an, do
is eventually equal to zero, and the above analysis app.ies: furtner improve-
ments in [T reduce the number of knowledge producers and workers at the

hottom of each ladder are dispiaced to the preceding Jadder. The demand for

snowledge has become inelastic as the whole population has been included

in the "Imowiedge economy” .t

5.2 Growth

Another possible extension of the model is to introduce exogernous growth

in the total factor productivity parameter A. It is not difficwt to sctent our

proofs and computations while asswming that A grows af rate z, popwa

et vate n, and that the interest rate ‘s » The results must then be mo

1. In proposition 1, the indifference regime now holds =

al(l +z)/(1+r)and e

< afl + sc)/{_ﬁj_ + o). An increase :

[N
=
=
C’j

beclalization regime.

regime therefore less likely tnen tos

W}

f\“llal“ﬁl\ﬂ are similar =

sumer appiiances wiile thelr 4
income is compiatec.

[
<




A9

gi-a,

Peopie demand and acquire more qwman capital when growth is

2. Iz proposition 2, we now have g7
—i/vin[e(l 4+ n)|. Faster population growth reduces the iex

s028 8eg

ment, i.e. increases the number of segments. Furilhermor

&1

k= qavtm AT ”@(1 + 1 ) =)

14

LSmplying that when either population or TFP grows more quicizy, tas retumn

to numan capital increases by more wihen one moves up & snowledge ladder.

Finaily,
and
7o
Z1)
implying that TFP growth coes not affect the distripution of numean

capital, while population growtl reduces it nomotnetis

These results are not ciilcult o understanc., TEFF growtl: does not &

the balarce between the supply and demand cof srovedge in terms of peo-

o

ple, but makes it more valuable to increase the g 7 of one’s knowledgs

~

supplier, since it increases the marginal return o oumeas capital tomorrow

relative to its cost today. As a result, the premium to quality increas

1 s

which maies it more lkely tnat some workers entively specialize in wrnovwi-

edge production and, in that regime, increases inecuality bebween lonowl

Q
3
€]
o

nax “EDLLEL

segmernts (1., £). In regime [, sociely acquires more iy
\ 3 / =) : Y

ime I, this iz ot possi]

ing it rrom more quaifiec -




high quality workers are already enti

-

reflectec in the wage schedite, whi scomes steeper a

for popuwiation growth, it increasss “ae ¢

weople. In regime 1, this drives peos

into knowiedge production. In regime 11, this increases the rumoer of peop.e

wino specialize in knowledge while forcing peop.e $0 DUy ©% Zrom LOWer it
ity workers. Thus the resulting distribation of numan capital i

Finaily, note that society is both mors segmentea anc

6 Concluding remarks

1 over a larger

Information technologies a..cow le goods to be

meariet., The central message of tris paper is that thk

are more likely to

" income levels thar peoplie ab the bot-

Zarm people at intermediate anc ki
tom, as the latter are more likely to be consumers rather than producers of
intangibie goods. If this paper message’s is to be believed, whiie informatior

5

technology may have contributed to the o

1se 1n inequa-

ity, one should find other culprits for waat Las happenec a2t the low end cf

the distribution of income.

2

bt




APPENDIX

I. PROOFS

PRGOF of Proposition ¥ - 1f w(b) = Ab 'thrm.lghou.t, then the vyoun

01

optimizztion problem is concave and the frst-order condi

and suticient. It is easy to check taat it is equivalent to (7/

(iv). Substituting (7) into the production function for numan capjtal )

the first part of (v), while substituting (8) into de censity of g proves its
second part. Then, applying (3) yieics ( m).

To complete the proof, we have to saiow that this is indeed an equilibrium,

i.e. that the supply of old worker '~ 2

given interval is actuaily .arger than

the demand for knowledge proc coming from the corresponcing

workers. There are ve "dg ¢ Workers between g and g + og.

buy knowiedge from evye™"dg

"(9) + 9"(g)dg. Usirg
1—o) .

_x
—vg [/9_,\ X
\e

ents. Their ability must lie oetween

®

g (g) and , we see that the total suppiy of suca

workers is ve

producers of that ability range if anc

- g clearly equivalent to (8).

, one has to checic that

e J

AN 7

(_C_VE) ZB'fllE(nc_L_)l“F

PROOE of nroposition 4 — Let us start rom the

funetion in ) and show that 1t 1s supported by a
-/ oy

22




which satisfies (ii)-(v). First,

of knowledge produced by any

the corresponding type g. 1o

between ¢ and ¢ -+dg, and that ©

suppliers. They buy it from

there are ve 9 ¢¥{(g)dg such

note 3 I osuch an equilibriura the supply

type o es the demanc coming from

see tois, aote that there ars ve™"dg workers

these workers buy know

e /')/6_7.(] dg

workers setween ¢*(¢) and g"”( o+ dg), and

workers. Using t Fgrlg) it is

easy to see that this iz exactly equa. to 2 ye™"¥gg . workers above
g (0 = g1 = —(meé}/y are entirery specialized , wiile those

below ¢ nroduce output.

Next, we show that thiz allocatics of resources i

vidual optimization if wages are cetsar

tne oubtcome of indi-

, s
(v) anc if numan capitai i

w

resated to skills by (iv) (which implies, aiong with (i), taat (i) hoids).
People elect the human capital .eve: of T knowiecge supplier d by

maximizing

Our first step is to show that 6*(g) satisfes the frst-orcer coz_lclit:'_o:x:_sj =

that it ig a local optimum. To see this, drst note that i

2(g) € [o{gi1), 0(giv2)]. To satisiy

Akt Bedh e — g AR implying b

aBeMp T - e =1

equivalent to

il

*

TN
[

wriich,

Next, we prove that this is

o

wWage schedule and its lineard 1y

an optimuw aamong all the vaiues

iven the definition of %, is equivalent to (iii).

a globas optix

bis c.early

within each inferval 1

that the rasu.ting aumean capital

)'—v o
Q_J
w
jaurt
Q
Q,
j
-

3

~

of the incividual with ability g remains within [0{g;), b(gi+1 )] Consider now




gt a .evel of numan ca L 010 tae

speng if individual 7 tries ro

), b(gi+2)] interval. Under rment function,

idual gioq buys knowledge & Hm a level

of uman capital equal t0 8(g;1). Given that g < gy, in order to get the

cesivea level of human capital, individual ¢ must buy -

7> e, Le. from some O > b(gip). Consequent.

T

wage equal to Ak, individnal ¢ must pay a marginal wage ab least equal
to Ak? ie. equai to AE™, with o > i+ 2. Given L > 4 (g), it
must be the case that aAr™E. AR < U Do ¥ such that
b€ [b(giss), D(gira)], which implies (by contiruity and coms of the wage

schedule) that the best individual ¢ can do is to pick up ¢ = 0{gy;). Bub
since (g1} € [B(gs), 0(gi1)] and since u(;) maximizes the
vesulting & in [0(g), 6{gia1)], this cleariy zen

t*(g)-

This argument, can be extendec o induction as folows: to reach some
b in [b(gje1), blgj+2)], 7 2 4,
zgent with human capital greater i

rory ar

o must buy human capital £

= 5(gsyo), implying that the marginal

wage he pays is greater than e gete by a factor 2t .

ag k. Thiz fmplies again that the o i in that intervar is 0

which yieids 2 utbility no great i i the pr

b(g,), é(gj-__l ). Thus, by incuction, ootima are inferior to the one

where the agent picks b*(g).

th respect to vales o7 5 in

A similar induction argument

inferior intervais.

Therefore, given this knov. tinction and this wage scnec-

ec. optimai for ge from 0*(g). This in turn

valicates (i) and {(iv}, wi scnecwie lmplies the specialization

pabier (i1}, Therefore, we do S D

FRCOF of proposition (i}, ana (i) follow divect.y from proposi-
, - / ( o e
tion 2. Leb us now prove Gv). Consider a fall in & from &p to ey < Zp, whers

c.ose 50 Zo. Leb us assume (13) nolas. To prove that ad

e 18 arbitrari




worker types gain, we prove that the new critical types g; all gain. Because

- - T - - b : dg/{l—a :
tie wage SCHGCLUie 15 plece-wise anear Rl convex et @ ),

prove that its kinks are all above 1%

up everywhere (otherwise conve:iiy wvould be violatec). Thus, we have 5o

prove that

where subscript O (resp. V) vefers to variables ana functions ¢

to & = 2o (resp. € = éy). This formula says that the new
must be greater than the wage of the same type in the old w

(where this type was in the interior of

We prove this inequality by induction. First, note that it is tri
it 8 5

is satisfied for ¢. We would e to

satisfied for 5 = 0. Next, assume taab :

show that it is then satisiied for ¢ -- L, L.e. that

o+ ALl by — bin] 2 o A Ak [bivio — Sio] + 4
If (22) holce. then a sufficient condition for (23} to hold is
\4) ’ L

Y

A,}WC}J [}5i+1 Mo J/r]

25




the formulae of propo

4

< 1, we get that this is equl

Ve = N
S A e B ; |
il W —1— - ~z7! <)
1 1T i )
. (- (1 —aj,
ALY A \ A A ; o\
s (T — 1] A e B0 — 0 -
,-\/\1 _ a)q . , \’/;\__ —_ Al — '“U
~. o
=~ U,

sitive as well

praciet 18 &

Hholg foralle > 0if

Cy
o
‘:’
C
€
o

1oL

as tne sum of all the other teriis. For toe term in brack quivalent

L4<
©

irear JOT.UU e

Jote that (9) implies (1 =5

between & and a. Note also that the LIHS is increasing znc concave in 2, 80

1

that this defines a (possibly empty) interval [eg, el] , with I < ep < ey < co,
1

s lﬂ:‘ s

. ) . . A - .
Next, note that for 2 = o 70— < ¢ it holds since G

o and the RIS iz smaller than .

e

ater ta AN

Let [eg, 7

inequality nolds over some interval of vaiues

. - < - 1
cimum for witich (9) holds, o

than the ma:
an inber TEL
Tarning now to the last term, ib is positive if and only if

oy
<

8
,A

) > o (1 — oo

Te RHS is again a linear combination between € and «. Repeating the

same reasoning we can show that this inequailty noids over some ron-emphy
- 1

Corsequent.y, our rea ng induction is vallc for
- J J

This completes the proo? of (iv). Let us now prove (v). We just consider
the wage of agent giy, who defines the first kink in the new wage scuecu:e.

26




His wage is sitaply equal to

wy(bur) = e = Al

His wvage prior to the fall in @ can be computed using the relevant formula

Compering this with (24), we ses

will increase if and only if

All— '7c) _
F(1-ey?

- ”L’@

Using

Consaquently, if this inequality is violatec, mean!

then the wages of this type of agent falls. To prove thab tre w

displaced rom higher segments also fail, ons cax

v
VAN
-
.tj
S
3

Y~
)
N

proof by induction, inverting signs and asswming 2

holds for 2 < min(es, 3, [a(1 — a)] 5 ).

d worker

Finally, to prove that o5 eventually rise, note that a

0, and that

type g ends up in the direct’y oroductive activity as & goes

his human canlial b(g) thexn

truct an [STegan Aiorivm “cu}Ai guch

Led

shat the segraents are constant and equal to their long-run ieve. as deberr

¥

by proposition 2

Tirst, note that the knowiedge assigment function

]
it




realizes equality of supply anc demanc for each type of knowledge producer

a5 any date. Purthermore, i it appiss, b necessarily implies (i), What is

(\'u

the imp.ed evolution of humen 27 If at date ¢ it is given by (18), then

using g*(g) and our human capita. production function it is easy to see that
&b #-+1 it is determined by (18) with ¢ repiaced with ¢+1 and ;. ag defined
by (19). This proves (iii), which trivieily ‘mplies (ii). Next, note that if w;

is the yva:o e schecule at £, then a young at date ¢ elects the human capital of

his knowledge supplier &* by maximizing
wip1 (BeMH™) — ew, (57)
The {irst-order condition is equiva.ent to
RN
(DL (.J// _ ”»'Bokg?k/@\va*l;_l
Wb (o)) T T
IV

However, under our candidate equilibrium path we nave

é}‘\/’yfl ]

Given that ¢ belongs to

check that {v) implies that this 20.cz, 0 010) aJ;i :;6) Lo,

7188 linear. une can

T ant piece-s

(v) defines & wage schedule v

iicate the induction argta oroof of proposition 2 to show

that such a wage schedule implies that o (9] is not on.y al optimum but

t gezment are

also a global one. Purthermore, given that wages . io

Ab and thab they are superior to Ab for I o 1:551@61‘8, T

triviaily induces the right speclaization.

I R g = IR
SSlgnl““‘w function definec Uy

(v) inaeed support an equilibriuz_n pati al

satisied. Q.E.D.

28




NDB — To construct the wage schecule using tne necessary condition [23)

one can simply work by baclkward induetion starting from the marg

o7 ladder O ab an arbitrary time s. 25 must be equal to A. (28] appileq to

¢t = & — 1 then allows to compuie

yinal wage of ladder 1 2t s — 1.

Applying it again to ¢ = s — 2 we can then recover the ma wage of
ladder 2 at £ = 5 — 2, and so fortn.
PRCOOF of Proposition § — To orove ( 1), just note trat the income of a

worker with human capital & in segment 1 s strictly gre

=

nan Ao, while it

is exactly equal to Ab if the same worger were in segment J. N

o6, note that

the oid of the initial generatior. have their human capita. predstermined, so

o

that they necessarily lose when moving from segment 1 to segment 0. Next,

note that to characterize adjustmen't dynamics, we can use proposition 4,

since for any initial value of g the iong-run distribution of & nas the functiona.

orm defined by (15). A fal in & impiies that 2 rises monoto

new, higher, long-run level along the convergence path. This is ar

of (19) and (10). Thus, we have proved (1) and (ii). Finally, trne =
\ / \ J "/ J

marginal rebwn to human capital betvesn two consecutive lacdders 2

aeterminea by

CGiven tnat o < 1 and that 2 2

Lot ¢ oend {4, thus proving (ith) anc
) & )

1. EXTENSION

Frastic dermand for knowledge

We zsswme that if someone does not buy snowied,

b= Ce. Tt i tnen not diffeult to cneci that one can construct equil

similar to the ones derivec in propositions 1 and 2 by simply transiating toem

to the right by a distance go on the ¢ axis, while constructing go suct &

people with g < go do not buy knowiedge, while gg is inciferent.

N
)



[#a}

Suys kmowiedge from 0%(g) i

L
S

n regime 1, the welfare o7 =0

ziven by

This is lower than not buying knowledge at all if anc onuy

i (54 Ag = 1 .o
ABTEqTeei-ag T-o/] — ) < Je™f
\ ; — ~

Thererore, non buyers are defined by ¢ < go, with go determinec oy

Y

1 1——~C’.. !

This may ve positive if O iarge enough and & not too su
cleariy increasing in e.

One technical detail is that it may wot 2e faagible to puy -

in tae dis

b*(g) because 1

esses tre go threshold: b(g) jumps at ¢ = ge. However this is not true for

2 > go — €, since the assumption o > & implies &° (g) >

determining the indifference threshold gg is correct, since people arouna thet

level can actua.dy buy their preferred imowecge level 0%(g). The only people

ot do so are those for whom ¢ iz low enough relative to go. Bub

this furtier recuces their vaue of buying i age, which is lower tnan Jen

anyway. So tasing into account this difficulty does: _ter our comc usions

To prove thab we have constructed an equillbrivm, j reproduce L

of prop.

In regime II, we can construct a msiabec eqtﬁlib:lifmin, Since

'D p{'\w

people fust ab the right of gy wowic 2uy o is fust at the

bottom of segment 1, & worker with ¢ = go owledge
from ¢ = g exactly. We construct go so that it is indiferent about tuyirg




lmownecge, which is equivalent to

Abgo) — Adb*(gy) = AETEci(@wier — g W) (26)
- C“p/\gc

To prove tnat workers w

that du/dg is greater under knowledge acquist

<

C,A
T
O
P
5
Q
l\

<
3
ty

[en)

equivalent to

V1S

Using the results of proposition 2, we see that this is equivalent 4o

L T e . i .
ABT= et Lé e — iE v<1—cz>-fJ > (1— )0

Tas
LIizd D

juivaient

Rearranging, and using the c

P ] "1”. hog
grli=a) = Lﬂe o \1-c:‘,e

/

Piugging in the definition of & anc rearzanging we geb bl

alent to

x z+161\a(g—go)/(14a) > k- o,

which is trivialiy true given that £ > 1 and g > go.

Next, we prove that workers wita ¢ < go prefer not to acquire

Clearly, they will not acquire more knowledge Lo

trensiation by e distance 1/v n{l/E).

Z, up Lo




2 capital b < b*(go) = b(g1). Thus

ar ail such b we have

p
refer not to acquire knov

< (27

S

ed maximum of the

Assume that d{g) < 0*(go). Then the maximuwmn feasibe value of the LHS

of (27) is attained at b = 6(g). Consequently, it is given oy
aN 1
T o/ SO ToE
Ag/(1— & so/(l—a)=—a/(1—a) § Y5 t-e
fl_L) e Q/( (l ( — A e ‘(’/( ),3 a/( U—) l - j )
N e / NE/

Using this expression anc toe o

e

-

P .
and Oniy if

g/ (- e arie (1 —a) <&

Furthermore, using {28} and ths formwas of proposition 2, we
] [SIN Y

/

o

+he inequality 5(g) < 0*(go) is equivauent to

arg—gn)

Plugzing this into the LHS of (29), we ses “zat it Locs

<

.
= A
o> ¢ el

5e) >




st 2, it follows that (27) holds iZ

¢ the definition of gg, and e

and oy f

[P
0<e

T2

1 always nolds since gg > g

This competes the determination of gy and toe pr

knowledge if and only if ¢ > go. To complete the construction o

(@]

riumn, one simply uses the same steps &s in the proof ol wroposition 2

Jo 18 no longer necessarily equal to zerc.

Finally, note that for & > 0, (26) defines a vaiue of gy Wi
when & falls and eventually becomes negative, in wkich case we are in tne

regime of proposition 2.

To cetermine whebher ¢¢ rises or

expression, using (26):

- we see that we have dg:/de > 0 if and oniy if

This is trus given that in regime [T the LHS is greater than 1 and the

P R
S0 Yy cl

v Tz that as long as I 2 increases the

TUmoeEr 0

o
(@8]
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